FIG. 1.
From smooth to structured. Schematic history of the Universe. The big bang may have been followed by a period of rapid inflation, with the resulting "soup" of particles coalescing into nucleons and lighter elements. Matter and radiation eventually became decoupled, the former gravitationally clumping into the structure of the modern Universe and the latter yielding the microwave background we see today. The seeds from which galaxies grew should be apparent in the variations in the radiation background.
look at the CMB, we see a spherical surface in the early Universe 10 to 15 billion light-years away. Although galaxies and clusters of galaxies had not yet formed, the seeds which later grew into these structures existed, and we know the distribution of their intrinsic sizes. By measuring the distribution of their apparent sizes on the sky, we can determine the geometry of the Universe.
More precisely, one must measure the angular power spectrum of the CMB: Suppose we measure the temperature T ( θ) as a function of direction θ on the sky over some approximately square region of the sky. We may then compute the Fourier transform( ℓ) of this temperature map. The power spectrum is then given by the set of multipole moments
, where the angle brackets denote an average over all wavevectors ℓ of magnitude | ℓ| = ℓ. Roughly speaking, each C ℓ measures the mean-square temperature difference between two points separated by an angle (θ/deg) ≃ (200/ℓ), so larger-ℓ modes measure temperature fluctuations on smaller angular scales. Increasingly accurate measurements of the C ℓ 's requires mapping larger portions of the sky to reduce the sampling error. Precise temperature measurements are also required. Good angular resolution is needed to determine the larger-ℓ moments. If galaxies and clusters grew from gravitational instability of tiny primordial density perturbations, then the CMB power spectrum (the C ℓ ) should look like the curves shown in the graph. The bumps in the curves are due to physical processes that lead to large-scale structures. If Ω is smaller than unity, then the Universe is open and the structure in the CMB is shifted to smaller angular scales, or equivalently, larger ℓ's. Therefore, the location of the peaks (primarily the first peak) in the CMB spectrum determines Ω and therefore the geometry of the Universe [4] .
The blue points are current measurements from balloon-borne and ground-based experiments. Several groups [5] have recently found a value of Ω consistent with unity by fitting these data to the theoretical curves. Although these results are intriguing and perhaps suggestive, even a cursory glance demonstrates that the current data cannot robustly support a flat Universe.
However, a new generation of experiments will soon provide significant advances. As indicated by the red points in the Figure, the Microwave Anisotropy Probe (MAP), a NASA satellite mission scheduled for launch in the year 2000, should confirm the peak structure suggested by the gravitational-instability paradigm (if it is correct) and make a precise determination of the geometry. The Planck Surveyor, a European Space Agency mission scheduled for launch in 2005, should improve on MAP's precision and may also illuminate the nature of the missing mass.
If the peak structure of gravitational instability is confirmed and the measurements are precisely consistent with the inflationary prediction of a flat Universe, then new avenues of inquiry will be opened to provide clues to the new particle physics responsible for inflation. As one example, the polarization of the CMB may probe a stochastic background of gravitational waves predicted by inflation [6] .
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